We have reported the effect of di(2-ethylhexyl)phthalate (DEHP) on the tryptophan (Trp)-niacin pathway in rats. To clarify the universal effect of DEHP on rodents, we studied whether DEHP also has an effect on Trp metabolism in mice. Mice were fed a niacin-free, 20% casein diet supplemented with DEHP for 21 days. Feeding with DEHP decreased the body weight gain and increased the liver weight in correlation with the dose level of DEHP. The administration of DEHP significantly increased the formation of quinolinic acid and the lower metabolites of the Trp-niacin pathway. The flux of niacin in the lower part of the Trp-niacin pathway in mice was enhanced by feeding with DEHP. Key words: niacin, phthalate esters, tryptophan lower metabolites were increased by feeding rats a diet containing DEHP [4] . However, there are no reports on the effect of DEHP on Trp to niacin metabolism in the mouse. To further clarify the universal effect of DEHP on rodents, we investigated whether DEHP also has an effect on Trp metabolism in mice.
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Vitamin-free milk casein, sucrose, L-methionine, nicotinamide (Nam), and anthranilic acid (AnA) were purchased from Wako Pure Chemical Industries (Osaka Japan). Kynurenine sulfate, kynurenic acid (KA), 3-hydroxyanthranilic acid , and N 1 -methylnicotinamide (MNA) chloride were purchased from Tokyo Kasei Kogyo (Tokyo, Japan). N 1 -methyl-2-pyridone-5-carboxamide (2-Py) and N 1 -methyl-4-pyridone-3-carboxamide (4-Py) were synthesized by the methods of Pullman and Colowick [13] and of Shibata Phthalic acid esters (PhEs), which are known to cause tetany of fish, and malformation of the mouse fetus, are used in a variety of industrial applications and they are constituents of diverse products such as paints, adhesives, cosmetics and polyvinylchloride plastics [10] . These esters are widely distributed throughout the environment and also have been detected in animals and humans [12, 23] . Short-term administration of di(2-ethylhexyl)phthalate (DEHP) to rats causes liver enlargement with a marked proliferation of peroxisomes [6, 7, 9] . To clarify the mechanism of toxicity of PhEs in rats, we have already investigated the administration of PhEs such as DBP [21] and DEHP [3] which disturbed the metabolism of de novo NAD biosynthesis. The formation of the key metabolite of tryptophan (Trp) to the niacin pathway, quinolinic acid (QA), and its et al. [15] , respectively. The mineral and vitamin mixtures were obtained from Oriental Yeast Kogyo (Tokyo, Japan).
For the ethical treatment of laboratory animals, the care of the experimental animals conformed to University of Shiga Prefecture guidelines. Six-week-old male mice of the ICR strain (CLEA Japan, Tokyo, Japan), ranging in weight from 30.9 g to 33.5 g, were divided into 5 groups, and then housed individually in stainless steel metabolic cages (CL-0355, CLEA Japan) in an environmentally controlled room (22°C, about 60% relative humidity) with a 12 h light/dark cycle. Body weight and food intake were measured daily at around 10:00 a.m., and food and water were renewed daily. Each group of mice was fed a purified vitamin-free casein diet supplemented with 0.0, 0.1, 0.5, 1.0 or 2.0% DEHP, ad libitum for 21 days. The vitamin-free casein diet contained 20% vitamin-free casein, 45.9% gelatinized cornstarch, 22.9% sucrose, 5% corn oil, 5% mineral mixture, and 1% nicotinic acid-free vitamin mixture supplemented with 0.2% methionine. The composition of the mineral mixture is described in the report by Shibata and Matsuo [17] .
To measure the urinary excretion of Trp-niacin metabolites, the urinary contents of Nam and of its metabolites, 2-Py and 4-Py were simultaneously measured by the high performance liquid chromatographic (HPLC) method of Shibata et al. [15] . Urine values for MNA were measured by the HPLC method of Shibata [14] . The contents of KA [16] , xanthurenic acid (XA) [20] , AnA [19] , 3-HA [20] and QA [11] in the urine were also measured by HPLC methods.
Each data value is expressed as the mean ± SEM. Differences between groups were determined by an analysis of variance (ANOVA) and p<0.05 was considered significant. If significance was indicated, Dunnett's multiple comparisons test was used [2] .
Effects of DEHP on the body weight gain and liver weight are shown in Table 1 . DEHP inhibited the body weight gain depending on the dose level of DEHP, and the body weight gain of mice receiving 0.5-2.0% of DEHP were significantly lower than that of the control. The liver weight increased with the dose level of DEHP, and was positively correlated with the dose level of DEHP (r=0.750, p<0.0001). Figure 1 shows the effect of DEHP on the intermediates of the Trp-niacin pathway in mice. The urinary excretion of a key intermetabolite of Trp-niacin pathway, QA, increased with the dose level of DEHP, and the increases at 0.5-2.0% DEHP were statistically significant (r=0.817, p<0.0001). The total amount of Nam + MNA + 2-Py + 4-Py + nicotinamide N-oxide (metabolites of the lower part of the Trp-niacin pathway), was also significantly increased in the groups receiving 0.5-2.0% DEHP (r=0.782, p<0.0001). These results indicated that the flux of niacin in the lower part of the Trp-niacin pathway in mice could be enhanced by the administration of DEHP. On the other hand, there were no significant differences in the urinary excretion of the upper metabolites, AnA, XA, and KA, of the Trp to niacin pathway between the DEHP-treated and control mice (data not shown).
This study represents the first attempt to assess the effect of DEHP on the metabolism of Trp to niacin in mice. We previously reported that the conversion ratio of Trp to niacin in rats increased with dietary concentration of DEHP (0.05-3%) [3] . Bell [1] reported that the exposure of animals (rats, rabbits and pigs) to DEHP could result in a significant perturbation of normal metabolism in the liver, testis, heart and brain. Shibata et al. [18] reported that the metabolism of Trp to niacin in mice is somewhat different from that in rats. The flux from QA to NAD, the ratio of metabolites MNA, 2-Py, 4-Py and nicotinamide N-oxide in mice is 16: 20: 11: 35, whereas that in rats is 7: 6: 82: 1 [18] . Although the data on urinary excretions of nicotinamide N-oxide in the control and treated animals are not shown in the present study, there were significant differences between the control and DEHP-treated groups. However, there was no significant difference in the other lower metabolites of the Trp-niacin pathway, Nam, MNA, 2-Py and 4-Py, when compared with the control group. The Trp-niacin metabolic pathway can be divided into two pathways, parts the Trp to α-amino-β-carboxymuconate-ε-semialdehyde (ACMS) pathway and the ACMS to niacin pathway, since Trp-niacin pathway branches at ACMS into ACMS-acetyl CoA and ACMS-niacin pathways. ACMS is metabolized to α-amino-ε-semialdehyde by α-amino-β-carboxymuconate-ε-semialdehyde decarboxylase (ACMSD), while ACMS is spontaneously cyclized to QA [8] . QA formation and QA metabolism are important for the regulation of Trp-niacin metabolism, and ACMSD and quinolinate phosphoribosyltransferase (QPRT) are the rate-limiting enzymes [5] . In the present experiment, liver enlargement caused by feeding with DEHP was observed in mice as in rats, but the urinary excretion of metabolites AnA, KA, XA and 3-HA, on the Trp-ACMS pathway was not affected by DEHP administration. Besides, urinary excretions of QA and the Sum on the ACMS-niacin pathway increased, and were dependent on the concentration of DEHP (Fig. 1) . This suggests that DEHP affects ACMSD to generate QA, and that DEHP or its metabolites may inhibit ACMSD activity or the gene expression of ACMSD. These results indicate that administration of DEHP causes an adverse effect on the metabolism of Trp to niacin, especially on the influx from QA to nicotinamide N-oxide in mice.
In summary, the present experiment clearly showed that the administration of DEHP to mice caused a significant increase in QA formation and thus, the metabolism of Trp to niacin is commonly disturbed by DEHP administration in rodents.
